SUMMARY Wall thicknesses were measured and echo densities were evaluated from the left ventricular echograms of 182 patients. The echogram was considered to reflect scar tissue when 1) either the interventricular septum, the posterior left ventricular wall or the anterior left ventricular wall was less than 7 mm thick in mid-diastole and was more echo-producing than its opposing wall or another area of the same wall in a sector scan, or 2) an area of myocardium was RECENTLY WE DESCRIBED echograms in which the diastolic thickness of the interventricular septum was less than normal and more echo-producing than the opposing posterior wall.' When surgical or autopsy follow-up was available in those cases, septal scar tissue was found. On the basis of that work we defined myocardial scar as an area of left ventricular wall less than 7 mm in thickness and more echo-producing than other areas of myocardium in the same echogram. We also made an echocardiographic diagnosis of scar when an area of myocardium was 30% less thick than an adjacent area within a sector scan. The purpose of this study was to determine the sensitivity and specificity of these criteria in the detection of myocardial scar involving the interventricular septum, the posterior left ventricular wall, and the anterior left ventricular wall.
30% less thick than an adjacent area within a sector scan.
Myocardial scarring was diagnosed by echocardiography in 52 of the 182 patients. The echocardiographic presence or absence of scarring was confirmed in 95% (173 of 182) of cases, 34 cases by microscopic examination and 139 by surgical appearance. This study shows that M-mode echocardiography is both a sensitive and specific method for detecting myocardial scar tissue. and utilizing single element 2.25 MHz transducers, 12 or 13 mm in diameter and collimated to 7.5 cm. The echograms were recorded on Electronics for Medicine DR8, VR6, or Echo IV Multi-Channel strip chart recorders; or on a Honeywell 1856 fibroptic strip chart recorder. Prior to recording echoes, the slope of the time-gain-compensation (TGC) ramp was adjusted to insure that echoes from the interventricular septum and posterior left ventricular wall were influenced only by changes in the coarse gain. Sector scans of the left ventricle and linear scans of the anterior left ventricular wall (ALV) were obtained by previously described techniques2
I and recordings were made from multiple intercostal spaces. For the purpose of this study, a technically adequate echocardiogram was defined as one from which both thickness and motion of the interventricular septum and posterior left ventricular wall were measurable in at least one sector scan recording.
Echocardiographic Measurements
All echocardiograms were interpreted without knowledge of clinical, angiographic, or pathological findings. Interventricular septal and posterior left ventricular wall measurements were taken at or just below the posterior mitral valve leaflet and at a more apical area just prior to where echoes from the posterior papillary muscle were recorded ( fig. 1 ). Anterior left ventricular wall measurements could be made in 158 patients (87%). Left septal and posterior endocardial amplitudes of echocardiographic motion which occurred during ejection were measured. Thicknesses of the interventricular septum, posterior left ventricular wall and the anterior left ventricular wall were measured during mid diastole and at end systole (figs. 1, 2). Septal thickness was measured from the leading edge of the right septal echo to the leading edge of the left septal echo and posterior wall thickness was measured from the leading edge of the endocardial echo to the leading edge of the epicardial echo. Thickness of the anterior left ventricular wall was measured from the leading edge of the epicardial echo to the leading edge of the endocardial echo. Mid diastole was defined as the interval between completion of rapid ventricular filling and the onset of atrial filling. End systole was defined as the point in time Myocardial scar was considered to be present when one of the following two criteria was met: 1) the myocardium measured less than 7 mm thick in mid diastole and was more echo-producing (increased density) then either its opposing wall or an adjacent area of the same wall in a sector scan; or 2) one area of myocardium was 30% less thick than an adjacent area within a sector scan.
Echocardiographic determination of left ventricular wall density was made by visual comparison of opposing and adjacent walls. In addition to appearing darker due to the in-'.. "IV; " ' , Z;S; creased echo density, the scarred areas consisted of a thick band or multiple lines or bands of echoes rather than the speckled appearance of normal myocardium ( fig. 3 ).
Pathology
Myocardial tissue was examined by two methodologies. In the case of autopsy (18 cases) or surgical resection (16 cases) tissue was examined grossly and microscopically. When tissue was not obtained for microscopic examination (148 cases) scar was defined at the time of surgery as a white, firm area of tyocardium. For those patients in whom the heart was not opened at the time of surgery, the surgeon was not able to examine all areas of the myocardium. In such RV. ---; ; -= == -nz>w -W g , n f S f s . , F t y / / 9 5 o , , 9 -a F w 4 * e / i , , 
Septal Scar
For the 45 patients with septal scar echocardiographically, the diastolic thickness of the area ranged from 2 to 8 mm (mean 4.6 mm) with two patients having thicknesses > 7 mm. In the latter two cases, additional areas of septum were recorded which measured 40% thicker than in the areas considered scarred. Forty-three of the 45 6 ) with diastolic thicknesses ranging from 5 to 8 mm (mean 6.4 mm) with two patients having thicknesses > 7 mm. In the two cases where the thickness was > 7 mm, additional areas of posterior wall measured more than 30% thicker than the areas considered to be scar. In all nine patients, echoes from the thinner areas of posterior wall appeared more dense when compared to septal echoes or other posterior wall areas recorded in a sector scan.
Thickening of the posterior wall with systole was absent in six patients, diminished (< 21%) in one and within normal limits (21 92%) in two. Motion of the posterior wall endocardial echo during systole was paradoxical in one, absent in two, diminished (< 9 mm) in five and within normal limits (9- Seven of the nine echocardiographic posterior wall scars were confirmed. There were two echocardiographic false positives in which scarring was not seen at surgery. In each case there was angiographic evidence of extensive coronary artery disease including total occlusion of the right coronary artery. One of these two patients also had a clinically documented inferior infarction three months prior to the echocardiographic examination. Forty-seven of the 52 patients (90%) with scar present echocardiographically had a clinical history of myocardial infarction. The electrocardiogram showed pathologic Q waves in 33 of the 52 (63%); diminished R waves consistent with but not diagnostic of prior infarction in nine (17%); nonspecific ST or T wave changes in eight (15%); and normal findings in two (4%). Fifty-one (98%) patients had angiographic or pathologic evidence of significant (> 50%) coronary artery obstruction. There was one patient with a well documented clinical history of anterior infarction in whom no significant coronary artery disease was evident angiographically.
Fifty-nine of the 130 patients (45%) without evidence of scar tissue echocardiographically had a clinical history of myocardial infarction. The electrocardiogram showed pathologic Q waves in 21 of the 130 (16%); diminished R waves consistent with but not diagnostic of prior infarction in 12 (9%); nonspecific ST or T wave changes in 22 (17%); and normal findings in 75 (58%). Significant coronary artery obstruction was evident by arteriography in 126 patients and at autopsy in two patients. An additional two patients were without significant coronary artery disease on postmortem examination. One of these two patients had died secondary to cirrhosis and acute renal failure; and the second patient had chronic obstructive pulmonary disease and died of massive pulmonary emboli.
Comparison of the echocardiographic diagnosis of myocardial scarring to the angiographic findings is shown in table 2. The patients with scarring had a higher incidence of ventriculographic abnormalities as 90% (38 of 42) had an abnormal left ventriculogram compared to 56% (71 of 126) of those patients without scarring. Also, a discrete left ventricular aneurysm was present in 29% (12 of 42) of patients with scar compared to 2% (2 of 126) of patients without scarring. Discussion M-mode echocardiography is both a sensitive and specific means for noninvasively detecting myocardial scar tissue using criteria based on diastolic wall thicknesses and alterations in the appearance of the recorded echoes. Echocardiographically, scarred areas appear thinner and are more echo-producing than other areas of myocardium within a sector scan. These changes are different from the echocardiographic findings in acute myocardial infarction. It has been shown that diastolic wall thicknesses in patients with acute ischemia or infarction are not significantly different from normal.5 Only one of 40 patients with acute myocardial infarction showed an area of diastolic wall thickness which was less than normal in a recent study.5 Acute myocardial infarction or ischemia may be distinguished by systolic thinning of the myocardial wall, although this is not a consistent finding. Increased echo density has not been reported to be a feature of acute ischemia.
Normally, within a sector scan, septal and posterior wall tissue appears to produce echoes relatively equal in intensity suggesting mediums of equal density. However, in 48 of 182 patients in our study, thin areas of myocardium were more echo-producing than were thicker areas within a sector scan. Echoes from the thin areas appeared as either a single thick band or as multiple dense horizontal lines. Several factors can account for this increased density and linear appearance. The echo reflected from a scarred endocardial surface should be more intense than one from a normal endocardium because the greater the difference in density between the tissues forming the reflecting interface, the greater the intensity of the echo.6 7 Also, the smoother surface of the scar and the horizontal plane of the collagen bundles8 enhance the return of echoes to the transducer by enabling a more perpendicular relationship of the ultrasound beam to the interfaces6' 7 and by decreasing the scatter of the ultrasound waves.
The multiple linear echoes reflected from within the scarred myocardium may be accounted for by the fact that there are islands of intact myocardium within scar tissue8 9 resulting in multiple interfaces between scar and normal tissue. It is interesting that in four patients there was echocardiographic evidence of tissue loss without increase in echo intensity within the myocardium although the endocardial echo appeared dense. This may be explained by the fact that in some large infarcts vascularization may not be ade- quate to enable ingrowth of blood vessels and connective tissue cells to the center of the infarct although the periphery is well healed.9
Because scar tissue is noncontractile, the wall motion and thickening seen in some of our patients requires explanation.
Twenty-nine of the 71 areas which fulfilled our criteria for scar tissue by echocardiography showed diminished (19) or normal (10) whether these beneficial effects are the result of enhanced cardiac performance, or of improved oxygen delivery and enhanced oxygen utilization by the peripheral circulation and musculoskeletal system. '5 16 The paucity of precise data regarding the effects of physical conditioning upon intrinsic cardiac function has been largely related to the necessity of utilizing invasive procedures to obtain reliable measurements of the anatomy and performance of the heart. The recent advent of echocardiography has provided an atraumatic technique which has been demonstrated to be capable of reliably evaluating several aspects of cardiac anatomy and performance. Echocardiography provides accurate measurements of left ventricular cavitary size, wall thickness and wall motion. '7 25 The present study was undertaken to assess by means of echocardiography the influence of exercise training on cardiac structure and function in normal human subjects.
Methods and Materials Twenty-six normal subjects participating in a program of endurance physical conditioning as part of the curriculum of the Sacramento Policy Academy volunteered for the present study. The group was comprised of 15 males and 11 females
